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ABSTRACT 

A mark-recapture experiment was used to estimate total escapement of coho salmon Oncorhynchus 
kisutch returning to Steep Creek, a tributary of Mendenhall Lake located in the upper Mendenhall River 
drainage near Juneau, Alaska. Two hundred sixty-two coho salmon were captured in beach seines 
between 29 September and 2 1 October. All were marked with uniquely numbered anchor tags and given a 
secondary mark consisting of an upper opercle punch. Between 7 October and 10 November, 416 fish on 
the spawning grounds were inspected for marks and 118 (28%) were marked. A Darroch model was used 
to estimate a total escapement of 952 (SE = 68) coho salmon. As part of regular escapement monitoring 
activities, five foot surveys were conducted between 23 September and 3 November to count the number of 
coho salmon observed in a single day at Steep Creek. The peak observer count was 200 (14 October), 
representing 2 1% of the total escapement. 

Key words: Coho salmon, Oncorhynchus kisutch, Steep Creek, Mendenhall Lake, Mendenhall River, 
mark-recapture, escapement, observer, index expansion. 

INTRODUCTION 

Streams on the Juneau road system, along with the 
Taku River and Gastineau hatchery stocks, 
produce most of the coho salmon Oncorhynchus 
kisutch harvested by recreational fisheries in the 
Juneau area. In 1993, Juneau anglers spent 
140,000 days to harvest an estimated 30,428 coho 
salmon (Mills 1994). To help manage these 
fisheries, indices of observer counts of coho 
salmon escapement have been obtained annually 
since 1980 in five roadside streams-Montana, 
Steep, Jordan, Switzer, and Peterson creeks 
(Figure 1). However, because these indices are not 
correlated with total escapement (those fish that 
successfully reach the stream to spawn over the 
entire season), management of fisheries to attain 
precise escapement goals has not been possible. 

As a first step in developing escapement goals, 
Clark (1995) applied spawner-recruit models to the 
index data and estimated index goals for the five 
streams; he found that a harvestable surplus is 
available in some. To evaluate these models and 
provide accurate estimates of total escapement, we 
developed a program to estimate total escapement 
of coho salmon in the five roadside streams and 
compare those values to indices obtained from 
observer counts. 

Past studies indicated that it would be difficult if 
not impossible to accurately count immigrating 
coho salmon, as breaches in weirs caused by floods 

allow uncounted fish to escape upstream. Since 
these circumstances usually required a mark- 
recapture experiment to estimate the number of 
fish lost, it seems appropriate and cost effective to 
dispense with the weir and use a mark-recapture 
experiment to estimate the total escapement. 

We designed a pilot study that used mark- 
recapture methods to estimate total escapement of 
coho salmon and chose Steep Creek, one of the five 
Juneau roadside streams, for our initial experi- 
ment. The stream is small and easily accessible by 
road and thus au ideal study site. 

Our objectives in 1994 were: 

1) 

2) 

3) 

to estimate the total escapement of coho 
salmon in Steep Creek; 
to estimate the largest fraction of total 
escapement in an observer count; and 

to estimate the age and length composition of 
coho salmon spawning in Steep Creek in 
1994. 

METHODS 

ESCAPEMENT ESTIMATE 

A mark-recapture experiment was used to estimate 
the total escapement of coho salmon to Steep 
Creek in 1994 (Figure 2). A beach seine 60 feet 
long and 10 feet deep was used to capture fish in 
location 4, a pool located near the mouth of Steep 
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Figure l.-Peak observer counts of coho salmon in Jordan, Montana, Peterson, Steep, 
Switzer creeks from 1980 to 1994. 

Creek. Location 4 is at the lowest portion of the 
stream where little spawning occurs and is 
primarily a milling site for fish which will 
eventually spawn further upstream. It is also the 
downstream end of the escapement survey area. 

Fish were marked on four separate occasions 
spaced one week apart on 29 September and 7, 14, 
and 21 October. Catch effort consisted of one 
seine haul and was consistent for each of the 
weekly marking sessions. Each fish captured was 
inspected for a previous mark and, if one was 
found, was released without further sampling. 
Each fish without a previous mark was given a 
Floy T-Bar anchor tag just posterior of the dorsal 
fin and a secondary mark by punching a X-inch- 
diameter hole with a paper punch in the upper third 
of the left operculum (UOP). The tag number and 
condition of the fish were recorded before release, 

and 

except that condition was not noted for individual 
fish during the first marking event. Definitions for 
condition were: 

1) bright, for a fish that was ocean bright or 
nearly ocean bright; 

2) semi-bright, for a fish with some color 
(primarily blush red), but not completely dark; 

3) dark, for a fish of very dark color (primarily 
red); 

4) ragged, for a fish with worn fins or rough 
texture, but not yet spawned; 

5) spawn, for a fish spawned out but not yet 
dead; 

6) dead, for a carcass; and 

7) mortality, for a dead, but not spawned fish. 
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Figure 2.-Drawing of Steep Creek depicting the general stream features and locations 1-4. 

Tag recovery began one week after the first 
marking session and was conducted once each 
week for six weeks from 7 October to 10 
November. 

The stream was divided into four areas for 
recovery sampling: locations 1 through 4 (see 
Figure 2). Location 1 extended from the barrier 
falls downstream to a pool just below Glacier Spur 
Road; this pool was designated as location 2. 
Location 3 was the stream reach between locations 
2 and 4. At locations 1 and 3, fish were captured 
by dip net. In the deep pools at locations 2 and 4, 
live fish were captured primarily with the beach 
seine; while spawners in shallow water areas were 
captured by dip net. All carcasses that could be 

retrieved were also inspected for marks. Locations 
1, 2 and 3 were sampled in all six weekly periods, 
and location 4 only during the latter three periods, 
after marking was finished. To promote 
proportional sampling, each recovery location was 
sampled as thoroughly as possible and with 
consistent effort throughout the six periods-with 
one exception: it was not possible to use the beach 
seine at locations 2 and 4 on the last recovery date, 
because the ponds had iced over. 

Each captured fish was inspected for an anchor tag 
and an opercle punch on the upper third of the left 
opercle (UOP) and then given a punch on the lower 
third of the left operculum (LOP) to prevent 
duplicate sampling at a later date. If an anchor tag 
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was present, the tag number and condition of the 
fish was recorded. If a UOP was present, but not 
the anchor tag, the fish was recorded as a valid tag 
recovery (indicating the anchor tag was shed). If 
an LOP was present the fish was disregarded as 
having been previously sampled. 

Calculations of abundance were performed using a 
program written by Mike Wallendorf (ADF&G 
Sport Fish, Fairbanks, personal communication) 
which uses the log-likelihood of Darroch’s (1961) 
model given by 

where 

fi = n’M--‘a (1) 

6 
N is the population estimate, 

n is a vector of the number of salmon 
examined in each recovery locationj, 

M is a matrix of mij, the number of tag 
recoveries in each recovery location j 
which were released in marking location 
i, and 

a is a vector of the number of marked 
salmon released per marking location i. 

This model was used as an objective function 
for a numeric search of the maximum likelihood 
estimate of abundance. The observed informa- 
tion matrix was used to estimate the covariance, 
and the delta method (Seber 1982, pp.7-9) was 
used to approximate the variance of the 
population size estimate. 

AGE, SEX AND SIZE 

Fish at locations 1 and 3 that were captured and 
had already spawned were also sampled for scales, 
sex, and length. These fish were given a punch on 
the lower third of the right operculum to prevent 
sampling at a later date. Five scales were removed 
from the preferred area-three from 2 or 3 rows 
above the lateral line and taken 1” apart, and two 
from 4 or 5 rows up and X” from one of the lower 
three on the left side (Scamecchia 1979); all were 
mounted on gummed cards using methods 
described in (ADF&G 1993). The sample size 

was planned by using methodology in Thompson 
(1987). Sex was determined from secondary 
maturation characteristics. Length was taken as 
mid-eye to fork-of-tail to the nearest 5 mm. 

Proportions by age or by sex in samples from 
spawning grounds were estimated by 

with variance 

(2) 

(1) 

where ii is the proportion in the population in 
group i; yli is the number in the sample of group i; 
and n is the sample size. The mean length of fish 
sampled was estimated by taking the sum of the 
lengths obtained and dividing by the total sample 
size obtained. 

RESULTS 

Two hundred sixty-two (ni = 262) healthy adult 
coho salmon were captured, marked and 
released at location 4 between 29 September and 
21 October in four weekly marking events 
(Table 1). Sixty-seven percent (67%) of the 
marks were applied in the first two marking 
sessions. In Steep Creek, fish which entered the 
stream early in the season exhibited the behavior 
of milling longer in the marking location than 
those which entered the stream later in the 
season. As a result, the availability of fish at 
the marking location decreased with time. 

Four hundred sixteen (nz = 416) coho salmon 
were captured and inspected during nine 
recovery events from 7 October to 11 November 
(Table 1). Ten percent (10%) of the sample 
were captured at location 1, 47% at location 2, 
18% at location 3, and 25% at location 4. One 
hundred eighteen (mz = 118) marked fish were 
recovered amongst the four locations. The 
fractions of marked fish (m2/n2) at the upstream 
locations (1 and 2) were 0.24 and 0.21, 
respectively, values not significantly different 
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Table l.-Marking and recovery data from Steep Creek coho salmon, 1994. 

Date--Sampling event 

9129194 
Mark period #I 

10107 + 10/10194 
Mark period #2 

Recovery period # 1 

10/14 + 10/17 
Mark period #3 

Recovery period #2 

IO/21 
Mark period #4 

Recovery period #3 

lo/28 
Recovery period #4 

11103 + 11104 
Recovery period #5 

ll/ll 
Recovery period #6 

Location 1 
Location 2 
Location 3 
Location 4 
TOTAL 
Cumulative 

t-t1 n2 m2 rn& 

92 
92 
92 

Location 1 15 2 0.13 
Location 2 67 *12 0.18 
Location 3 7 0 0.00 
Location 4 84 
TOTAL 84 89 14 0.16 
Cumulative 176 89 14 0.16 

Location 1 9 *3 0.33 
Location 2 53 7 0.13 
Location 3 18 10 0.56 
Location 4 66 
TOTAL 66 80 20 0.25 
Cumulative 242 169 34 0.20 

Location 1 6 2 0.33 
Location 2 28 ‘11 0.39 
Location 3 9 2 0.22 
Location 4 20 
TOTAL 20 43 15 0.35 
Cumulative 262 212 49 0.23 

Location 1 10 3 0.30 
Location 2 16 $3 0.19 
Location 3 19 ‘8 0.42 
Location 4 73 +26 0.36 
TOTAL 118 40 0.34 
Cumulative 262 330 89 0.27 

Location 1 
Location 2 
Location 3 
Location 4 
TOTAL. 
Cumulative 

Location 1 
Location 2 
Location 3 
Location 4 
TOTAL, 
Cumulative 

1 0 0.00 
30 7 0.23 

6 2 0.33 
29 12 0.41 
66 21 0.33 

262 396 110 0.28 

0 0 
3 1 

17 7 0.41 

20 8 0.4c 
262 416 118 0.28 

Unique fish handled = (nl+nl-mz) = 560 

Totals by location nl n2 m2 rnz/nz 
Location 1 0 41 10 0.24 
Location 2 0 197 41 0.21 
Location 3 0 76 29 0.38 
Location 4 262 102 38 0.37 
TOTAL 262 416 118 0.28 

Location 1 is upstream and primarily spawning fish; location 2 is upstream and primarily prespawn fish; 
Location 3 is downstream and primarily spawning fish; location 4 is downstream and primarily prespawn fish 
* One fish missing primary mark out of total. 

5 



(X2 = 0.13, df = 1, P > 0.70). The fractions of 
marked fish at downstream locations (3 and 4) 
were 0.38 and 0.37, respectively, also not signifi- 
cantly different (X2 = 0.01, df = 1, P > 0.90). 
However, when data from the upstream locations 
(1 and 2) were combined and compared to com- 
bined data from downstream locations (3 and 4), 
fractions were significantly different (X2 = 6.92, 
df = 1, P < 0.01) indicating a higher probability of 
encountering a marked fish in the lower locations. 
The mark-recapture data by individual tag number 
are summarized in Appendix Al. 

The mark-recapture data were stratified by time 
and location: 

Mark Recapture period 

time A B C D 

I 23 1 9 4 

II 15 4 24 4 

IV 4 2 9 7 

VI 1 1 4 6 

u, 161 26 80 31 

a, 

92 

a4 

66 

20 

where mark time corresponds to marking periods 
in location 4. The recapture period A corresponds 
to the sum of recoveries in locations 1 and 2 for 
7-28 October; B relates to locations 1 and 2 for 
3-11 November; C relates to locations 3 and 4 
for 7-28 October; and D relates to locations 3 
and 4 for 3-l 1 November. 

As a first step in the calculation of escapement, the 
consistency of Chapman’s (195 1) nearly unbiased 
modification of the Petersen estimate (N’ = 92 1, 
nl = 262, n2 = 416, m2 = 118) was tested with 
methodologies described in Seber (1982, p. 438). 
A goodness-of-fit test of the hypothesis Ho:Bii = 
0, for all I (f~ = 13.49, p < 0.001) suggests that 
differences in the probability of movement among 
locations exist and that use of the pooled Petersen 
estimate is unsatisfactory. Therefore, using the 
method described by Mike Wallendorf (ADF&G 
Sport Fish, Fairbanks, personal communication), 
the final estimate of the total escapement of coho 

salmon in Steep Creek in 1994 is 952 (SE = 68) 
with capture probability estimates of 0.353, 1.000, 
1 .OOO, 0.244. 

Five observer counts were made in Steep Creek in 
1994: 

l 37 fish were counted on 23 September, 
0 125 fish on 12 October, 
l 200 fish on 14 October, 
l 152 fish on 20 October, and 
0 118 fish on 3 November. 

The peak observer count, 200 on 14 October, 
consisted of 23 fish in location 1, 45 fish in 
location 2, 17 fish in location 3 and 115 fish in 
location 4, and represented 2 1% of the estimated 
total escapement. This count (200) was midpoint 
in the escapement index goal range of 100 to 300 
fish recently established for Steep Creek (Clark 
1995; also see Table 2). 

Age and length compositions collected from 
spawned-out fish in locations 1 and 3 were: 

Age class 

1.1 2.1 3.0 3.1 Total 
Sample size 52 68 4 6 130 

Percent 40.0 52.3 3.1 4.6 
SE 4.3 4.4 1.5 1.8 
Avg. length 623 654 335 635 631 

SE 7.3 4.9 4.1 13.1 6.2 

One hundred forty (140) fish were sampled for 
scales, sex and length (AWL sampling) and 130 
were aged, equating to an aged fraction of 93% 
(130/140). 

Sex composition from spawned-out fish in 
locations 1 and 3 suggested that there were 
many more females (7 1%) than males. This 
bias was consistent between marked and un- 
marked fish in these locations; 35 marked fish 
were included in the 130 aged fish above, and, 
of those 35, 66% were females. Sex data, in 
addition to scale and length data, generally were 
not collected from prespawn fish in locations 2 
and 4, which constituted the majority (72%) of 
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Table 2.-Peak observer counts of coho salmon in Jordan, Montana, Peterson, Steep, and Switzer creeks 
from 1980 to 1994. 

Jordan 
Year Creek 
1980 31 
1981 482 
1982 368 
1983 184 
1984 250 
1985 72 
1986 163 
1987 251 
1988 215 
1989 133 
1990 216 
1991 322 
1992 785 
1993 322 

Mean 271 
SD 189 
cv 70% 
Min 31 
Max 785 
1994 371 

Escapement goal a range: 

Montana Peterson 
Creek Creek 

227 219 
545 320 
636 219 
581 189 
810 276 
60 397 

314 204 
164 542 
566 242 

1,711 324 
1,415 410 
2,512 403 
1,352 112 

838 297 
715 117 

85% 40% 
60 112 

2,512 542 
1,829 318 

Steep Switzer 
Creek Creek 
147 7 
515 109 
232 80 
171 80 
168 123 
186 122 
250 54 
128 48 
155 51 
222 78 
185 82 
267 227 
612 93 
471 94 
265 89 
153 50 

58% 57% 
128 7 
612 227 
200 198 

Total 

1,552 
1,545 
1,287 
1,312 
1,466 

887 
945 

1,127 
1,241 
2,518 
2,641 
4,405 
2,351 
1,791 

974 
54% 
887 

4,405 
2,915 

Upper 200 500 
Lower 75 200 

a Escapement goals adopted by ADF&G, 9115194. 

350 300 75 
100 100 25 

n2 in the experiment. However, sex data were 
collected during one seine haul at location 2 on 
4 November, and, of the 60 fish examined, 47 
(78%) were males. Thus, it appears that the 
spawned-out fish sampled for AWL in locations 
1 and 3 were biased towards females whereas 
pre-spawn fish at locations 2 and 4 were biased 
toward males. This indicated that females 
tended to remain at the spawning sites after 
spawning (die on redds) while males tended to 
float downstream out of the spawning areas, a 
phenomenon also observed for chinook salmon 
0. fschawytcha (Kissner 1985). 

DISCUSSION 

The current research project on Steep Creek is the 
start of a program to determine the relationship 

between peak observer counts and the total 
escapement of coho salmon in Southeast Alaska 
streams. In 1994, we estimated that 2 1% of the 
total escapement was counted during a peak 
observer count on 20 October in Steep Creek. 

The general assumptions that must hold, if fi is 
to be a suitable estimate of escapement, are 
listed in Seber (1982, p. 43 1) and McGregor et 
al. (1991, p. 7). These are usually listed as: 

a) all coho salmon have an equal probability 
of being inspected for marks; and 

b) there is no recruitment to the population 
between events; and 

c) there is no mark-induced behavior; and 

d) fish do not lose their marks and all marks 
are recognizable. 
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We found that only six marked fish, 5% of the 118 
marked fish recaptured with a secondary mark, had 
actually lost their primary mark. 

Marking did not appear to affect the behavior or 
movement of fish, as marked fish were observed 
spawning with or near unmarked fish throughout 
the entire project. For assumption a, probability 
of capture varied across locations, but not neces- 
sarily within locations-the probability of main 
concern. 

The ratio of m2/nz in the two upper locations 
@ = 0.22) was lower than the ratio in the two 
lower locations (p = 0.38). However, this ratio 
increased in the upper portion as the season 
progressed. This may be an indication that 
some fish bound for upper portions of the 
stream managed to evade marking efforts in the 
lower portion at location 4 (some had probably 
migrated past location 4 before marking began). 

The number of unique fish inspected in the upper 
portion decreased as the season progressed, 
suggesting that fish which spawned early did so in 
the upper portions of the stream and those which 
spawned later did so in the lower portions 
(Figure 3). This is understandable, especially 
when water levels have a tendency to drop, later 
in the season, thus promoting spawning in the 
lower portions. 

Similarly, the number of tag recoveries in the 
upper portion decreased throughout the marking 
effort; 57% of the marks applied on 29 September 
were recaptured later in the upper portion versus 
only 17% of the marks applied on 21 October 
(Figure 4). 

Prior to 29 September, no carcasses were found 
within the study area indicating that spawning had 
not yet occurred. Emigration from the study area 
was considered insignificant. Recruitment into the 

100 
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Recovery period 
Pigure 3.-Number of unique coho salmon sampled in locations 1 and 2 versus locations 3 and 4 

in six recovery periods in Steep Creek in 1994. 
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Figure 4.-Percent of recoveries in locations 1 and 2 versus locations 3 and 4 for each of four 
marking periods in Steep Creek in 1994. 

study area occurred throughout the study and 
ceased by 10 November. We estimated that the 
average time between marking and recovery of 
spawned-out live fish was at least 21 days 
(Figure 5). Thus, the spacing of recovery efforts 
one week apart ensured that all fish had an 
equal probability of being captured during 
recovery (most fish were present in the system 
over several recovery events). 

In the method used to estimate the total 
escapement of 952 fish, 560 unique fish were 
handled during marking and recovery, or 59% of 
the estimate. The 95% relative precision of the 
estimate (216%) was better than the 25% level 
targeted in the operational plan using methods 
described in Robson and Regier (1964). This 
study was not performed without skepticism; 
nevertheless, most of the assumptions were 
satisfied or appear to have been satisfied, and 
we are confident in the estimate. 

Steep Creek is a relatively small clearwater 
stream, and the relationship we found in 1994 
between the peak observer count and the total 
escapement may be typical for similar streams 
salmon in Southeast Alaska which produce 
coho. Estimates of total escapement based on 
observer counts may be more or less precise 
depending on stream types and the perceptual 
ability of the observer (Bevan 196 1). 

The visibility of spawning salmon depends on 
many factors such as weather, water clarity, 
canopy cover, pool-to-riffle ratio, the density of 
fish, the amount of undercut banks, and the 
ecology, behavior, size, and color of salmon 
(Jones 1995). These factors may increase the 
likelihood for differences in the relationship 
between the observer count and the estimate of 
escapement. 

This study has gathered at best a minimum of 
information necessary for calculation of the 
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Figure 5.-Number of days from marking to “spawned-out” condition for 33 
cobo salmon in Steep Creek in 1994. 

total escapement using observer counts. Future 
effort should be made to explore this 
relationship on a variety of stream types that 
produce coho salmon and over a variety of 
observer conditions. 

More than 2,000 streams or river systems exist 
in Southeast Alaska that produce coho salmon. 
Sixty-six of these are currently monitored 
annually for escapement: 61 for peak 
escapement, and 5 (Ford Arm Lake, Berners 

River, Auke Lake, Taku River, and Hugh Smith 
Lake) for total escapement. An increased 
understanding of the relationship between the 
observer count and the total escapement directly 
relates to improved management providing for 
larger, more stable run sizes and increased 
fishing opportunity. 
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RECOMMENDATIONS LITERATURE CITED 

For future studies, we offer the following 
recommendations as potential improvements: 

ADF&G (Alaska Department of Fish and Game). 
1993. Length, sex, and scale sampling 
procedure for sampling using the ADF&G 
adult salmon age-length mark-sense form 
version 3.0. Commercial Fisheries Manage- 
ment and Development Division. Douglas. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Conduct the study as a multiple mark- 
recapture experiment for an open 
population. 

Begin marking earlier to ensure that the 
earliest arriving fish are sampled and not 
missed. 

If conditions permit, marking should take 
place throughout the entire study area. 

Distinct primary marks should be used 
again with the addition of secondary 
marks unique for each tagging location. 

AWL data should be collected at all times. 

Recovery efforts should be made on at 
least a weekly basis. 

The experiment should be repeated in 
Steep Creek again with an improved 
sample design for comparison with the 
1994 results. 
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Appendix Al.-Tagging and recovery of individual tags on coho salmon at Steep Creek, 1994. The 
shaded cells represent fish counted as recaptures for use in the mark-recapture experiment. Some cells 
contain numbers which correspond to the location of recapture. 
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Appendix Al.-Page 3 of 5. 
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Appendix AZ.-Computer data files concerning data on Steep Creek coho salmon in 1994. 

File name Description 
94Steepr.doc WORD 6.0 (Windows) file of this FDS report. All data from the Steep Creek 

study performed in 1994 are contained in this file. Abundance estimates were 
performed using a program written and maintained by Mike Wallendoxf 
(ADF&G, Sportfish, Fairbanks). 
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